Letters to the Editor I read the paper by Dulloo et al (1996) with much interest. In their study with male volunteers, the authors have measured 24 h energy expenditure (24 h EE) after consumption of medium-chain (MCT) or long-chain triglycerides (LCT). I would like to make some comments on some of the issues discussed in the paper.
The use of MCT for obesity management was suggested, since 24 h EE was increased with $ 5% after ingestion of 30 g MCT, as compared with the results after intake of the same quantity of LCT. Not many studies, addressing this hypothesis, have been published and they do not seem to support the use of MCT for obtaining a weight loss. Rath et al (1972) failed to prove a difference in weight loss in obese subjects after 3 weeks of a hypocaloric MCT-diet or an equicaloric control diet. In another study, no differences in weight loss were found in obese women after 4±12 weeks of hypocaloric feeding with MCT or LCT (Yost & Eckel, 1989) . The food intake by dieters was the same after preloads with MCT or LCT (Rolls et al, 1988) . A rat study showed indeed that MCT and LCT have equivalent satiety effects (Maggio & Koopmans, 1987) . Furthermore, MCT are better absorbed than LCT, suggesting a higher digestible energy potential for MCT (Jensen et al, 1986) . Dulloo et al (1996) also seem to question whether MCTrich lipid emulsions or diets are able to meet the requirements for the nutritional rehabilitation of malnourished and cachectic patients. However, Tisdale & Brennan (1988) were able to demonstrate in a mouse cachexia model that MCT fed animals had a reduced weight loss and tumour size, as compared with LCT fed mice. Similar results were obtained in cachectic cancer patients, where an MCT-containing diet increased body weight and improved the patient's performance score (Fearon et al, 1988) . In both cited papers, the positive results were attributed to the ketogenic properties of MCT. Jiang et al (1993) reported signi®cant less weight loss and an improved nitrogen retention in perioperative patients, who received an MCT-containing lipid emulsion, in comparison to a control group who were administered an LCT emulsion. In the same trial, the authors demonstrated an improved muscle lipid utilisation and increased serum ketone and insulin levels with MCT administration. In another study with critically ill patients, a better nitrogen balance was shown in a group receiving an MCT-containing lipid emulsion, as compared to a control group receiving an LCTemulsion (Ball, 1993) . The author concluded that the more ef®cient nitrogen sparing in the MCT-group was due to the rapid hydrolysis and oxidation of MCT to fatty acids and ketones, which are readily utilisable.
In order to explain their results, Dulloo et al (1996) speculate on a higher thermogenic effect of MCT-ingestion, which might be mediated through activation of the sympathetic nervous system (SNS). Indeed, thermogenesis can account for up to 15% of the 24 h EE and has aǹ obligatory' and a`facultative' component, the latter being possibly modulated by the SNS (Je Âquier, 1984) . However, before extrapolation from the results of Dulloo et al can be made to obese patients, their data need to be con®rmed, applying the same design and setting to obese patients, since these patients might have a reduced thermic response to food (Je Âquier, 1984) and noradrenaline (Jung et al, 1979) . In addition, it has been pointed out that ketogenesis, which is usually induced by MCT ingestion (Bach et al, 1989) , might in¯uence the interpretation of indirect calorimetry results (Je Âquier & Feller, 1987; Simonson & DeFronzo, 1990) . It is not totally clear from their paper whether Dulloo et al have taken this into account. Anyway, there should be no reason to conclude that a higher thermogenesis and/or increased MCT oxidation would lead to a reduced energetic ef®ciency of MCT. In suckling newborn rats, feeding and subsequent oxidation of MCT were able to maintain active gluconeogenesis (Turlan et al, 1983) . Dias et al (1990) , in healthy volunteers, showed that an MCT-diet sustained energy expenditure without any change in 24 h excretion of citric acid cycle intermediates, suggesting an optimal adenosine triphosphate production.
In the clinical situation, a fast and complete MCT oxidation is even more useful to meet the increased energy demands of stressed patients (Bach et al, 1989) , since, moreover, it has been shown that exogenous LCT are abundantly stored in many different tissues (Baldermann et al, 1991; Hessov et al, 1979) . Mascioli et al (1991) studied the in¯uence on the resting energy expenditure (REE) in two groups of patients, receiving an LCT-or an MCTcontaining emulsion. They found an increase of REE with $ 20% in the MCT-group, while there was no change in the LCT-group. The authors did not consider this thermogenesis as a negative effect, since it occurred without increase in body temperature and without differences in the nitrogen balance; moreover, they stated that MCT oxidation might limit hepatic lipo(neo)genesis. Interestingly, Takala et al (1987) reported a thermogenic effect of LCT infusion in stressed patients, while the same lipid hardly had any effect when administered to depleted patients. So, the thermogenic response might not only be in¯uenced by the type of lipid, but also by the clinical and metabolic status of the patient.
In conclusion, there are insuf®cient scienti®c data allowing to change the generally accepted energy value of 35 kJ/g or 8.3 kcal/g (Bach et al, 1989) of MCT; in various synergistic combinations with LCT this energy can be safely and ef®ciently administered to meet the requirements of depleted, cachectic and critically ill patients. Response to the letter of JM Haenen about MCT and weight control
JM
Interest in the potential role of MCT in weight control derives from numerous studies indicating that MCT-rich diets produce more heat, and are hence less ef®ciently utilized, than isoenergetic LCT-rich diets. This greater thermogenic effect of MCT than LCT has been demonstrated in animals (Lavau & Hashim, 1978; Bray et al, 1980; Baba et al, 1982; Rothwell & Stock, 1987) , as well as in humans during acute and chronic studies, and both in the lean and in the obese (Seaton et al, 1986; Scal® et al, 1991) . It is therefore dif®cult to understand why J.M. Haenen fails to consider these studies in his analysis about MCT and weight control. Until the last paragraph of his letter is reached, one is left with the impression that the often reported greater stimulatory effect of MCT than LCT on metabolic rate is simply rejected. Then surprisingly in the last section, considerable credit is given to one study of nutritional rehabilitation (Mascioli et al, 1991) reporting marked increases in resting metabolic rate (hence increased thermogenesis) with MCT relative to LCT-rich emulsions. This is attributed to the`fast and complete MCT oxidation', and it is concluded that the thermogenic response might not only be in¯uenced by the type of lipid, but also by the clinical and metabolic status of the patient. We cannot be in more agreement with this conclusion (but only the conclusion), and for at least two reasons. Firstly, it underlines the point that others and us have made concerning the need to take into account the extra heat production with MCT-rich diets in the formulation of energy requirements for maintenance or for weight recovery of certain patients. For example, on the basis of the study of Mascioli et al (1991) , it would not be irrationale to come to the conclusion that if these patients showing a 20% higher REE on the MCT-rich diet were to maintain weight, they would most likely require a higher energy intake on the MCT-rich emulsions than on the LCT-rich emulsion. Whatever the mechanisms and intermediary steps underlying the increased thermogenesis during this nutritional repletion study, it is undeniable that the MCT-rich emulsion was utilized less ef®ciently (namely more kJ heat liberated per KJ diet consumed) than the LCT-rich emulsion. This could have resulted from the stimulation of energetically inef®cient processes that simply utilize more ATP than is`optimally' produced, for example via peroxisomal oxidation for which medium-chain fatty acids may have high af®nity (Handler & Thurman, 1988) and/or via increased substrate or futile cycling (for example Na-pump, TG-FFA cycle, etc)Ðseveral of which are known to be modulated by the sympathetic nervous system. Secondly, if the metabolic handling of MCT is dependent upon the individual's metabolic status, one can expect that the differences in thermogenic responses between MCT and LCT dietsÐconsistently observed during weight maintenance or weight gainÐmay be considerably reduced or even absent during weight loss. However, the management of obesity is not only about the ef®cacy of losing weight, but also about weight maintenance and the prevention of weight gain (or regain). It is in fact under these latter conditionsÐwhere the fate of ingested fat is determined by the extent to which it is directed towards oxidation or storageÐthat virtually all the thermogenic and anti-obesity effects of MCT has been demonstrated in animals and in human. Our study (Dulloo et al, 1996) showing an increase in 24 h energy expenditure with relatively small amounts of MCT ingested as an integral part of a typical western diet during weight maintenance is simply consistent with this observation. It is true that caution is necessary in the interpretation of indirect calorimetry data under conditions of increased ketogenesis. However, the rate of energy expenditure is determined by the reactants and the products of combustion, irrespective of the intermediary steps involved (Frayn, 1983) , and the error in assuming that all MCT or its products are oxidised is negligible, particularly in our study where the amount of MCT ingested (maximum of 10 g per meal) was small. In fact, even with diets providing as much as 50% of energy in the form of MCT, the loss of kilocalories as urinary dicarboxylic acids and ketoacids, although increased during MCT diet, was found to be negligible and less than 1% of daily energy intake (Dias et al, 1990) .
To come back to the importance of metabolic status of the individual, the dynamics of weight changes seem to in¯uence the effects of MCT-rich diets not only on energy expenditure but also on food intake. J.M. Haenen again eliminates the potential satieting effects of MCT-rich diets in human on the basis of one report (Rolls et al, 1988) showing that food intake by dieters was the same after preloads with MCT or LCT. However, that same study (Rolls et al, 1988 ) also reported that in the non-dieters, the Letters to the Editor MCT preload produced greater satiety than LCT. Consequently, such satieting effects of MCT might also have a role in the prevention of obesity and its relapse. This contention is reinforced by the recent demonstration of Stubbs & Harbron (1996) that isoenergetic substitution of MCT for LCT in high-fat diets can limit the hyperphagia and weight gain that is usually produced by high-fat diets.
The central debate is no longer about whether MCT is effective in increasing energy expenditure or in limiting hyperphagia, but rather (as we concluded in our paper) whether in relatively small amounts that are well tolerated, chronic MCT consumption as an integral part of the diet can play a role in the prevention of obesity. In the present state of knowledge therefore, it is premature to reject outright a potential role for MCT in the management of obesity solely on the basis of its lack of ef®cacy in inducing greater weight loss than LCT during therapeutic dieting. The contrary is analogous to rejecting the potential ef®cacy of reducing dietary fat in the prevention of obesity simply because hypocaloric low-fat diets does not lead to greater weight losses than hypocaloric high-fat diets.
AG Dulloo
Paleolithic nutrition Eaton et al (1997) are to be commended for their superb article that provides an impressive array of evidence supporting their evolutionary idea that`the Paleolithic experience can serve as a reference standard when the recommendations of nutritionists are at variance'. I agree entirely with the authors. However, to further support their views, I would like to comment on some topics discussed by them. Eaton et al (1997) correctly point out that Stone Agers, unlike today's humans, virtually did not consume sugars and sweeteners, only wild honey being seasonally and occasionally available to our Paleolithic ancestors. It should be stressed, however, that even those rare intakes of honey were harmful. In fact, honey is by far above the 4.18 MJ/L (1000 kcal/L) limit. Such a limit, which re¯ects the characteristics of fruit, still remains genetically programmed since the Miocene era, when our ancestors were essentially frugivorous and their metabolic physiology was therefore largely moulded by fruit (Baschetti, 1997) . While sugars up to 4.18 MJ/L are delivered to the intestine linearly, sugars exceeding 4.18 MJ/L leave the stomach exponentially, thereby unhealthy altering blood glucose homeostasis and blood lipid levels (Baschetti, 1997) . The fact that the loss of caloric regulation occurs just above 4.18 MJ/L suggests that even millions of years before the Stone Age, consumption of dried fruit and honey, which both greatly exceed that limit, was not abundant, frequent or regular, and common enough to modify the genetic moulding produced by fresh fruit. On the other hand, in the tropical equatorial rain forests, where our frigivorous ancestors lived during Miocene, dried fruit was very scarce, because of high moisture, frequent rains, and the shade of the thick forest. As to honey, its availability in those Miocenic forests was probably even more unusual than during Stone Age. Eaton et al (1997) appropriately highlight that signi®-cant use of cereal grains began only about 15 000 y ago. This may account for the proposed hypertriglyceridaemic effect of eating fruit after starch (Baschetti, 1996) . While for millions of years our frugivorous ancestors never had excessively high blood insulin levels because fruit is poorly insulinogenic, the subsequent large consumption of starchy grains caused postprandial hyperinsulinaemia, which may raise blood triglyceride levels when fruit is eaten after starches (Baschetti, 1996) .
Letters to the Editor Eaton et al (1997) rightly underline that Stone Agers, unlike present humans, consumed abundant potassium, tiny amounts of sodium, and no dietary salt. However, while the authors emphasise that the highly increased consumption of sodium is responsible for hypertension, they omit to mention other deleterious effects of the raised sodium intake, such as left ventricular hypertrophy, stroke (either independent of hypertension), asthma, stomach and nasopharyngeal cancer (Antonios & MacGregor, 1995; Joossens et al, 1996) . Additionally dietary salt increases the risk of kidney stone and osteoporosis (Massey, 1995; Zarkadas et al, 1989; Antonios & MacGregor, 1995) . The absence of dietary salt in the diet of Stone Agers may partly explain why`they experienced less bone loss than did the agriculturists who succeeded them' (Eaton & Nelson, 1991) .
Finally, Eaton et al (1997) justly point out that epidemiological investigations have demonstrated an exceptionally strong and consistent association between consumption of fruits/vegetables (major foods of Stone Agers) and cancer prevention. To explain this association, too, electrolytes may play an important role. In fact, a number of independent studies show that potassium, which is extremely abundant in fruits and vegetables, protects against cancer, while sodium, which is virtually absent in those foods, enhances the cancer risks (Jansson, 1985) .
Response to the letter of R Baschetti on Paleolithic nutrition
We appreciate Sr. Baschetti's comments about which we would offer a few observations.
Since publication of our article we have become aware of data concerning the Ache of Paraguay who, at certain seasons, collect enough honey to contribute 18% of their total caloric intake. 1 The long frugivorous experience of our Miocene primate ancestors has probably left us with a strong taste preference for sweet foods and we suspect Stone Agers would have availed themselves of honey whenever it was available. However, ®nding hives in the wild can be time-consuming. The Borans of northern Kenya have`honey birds' to help them locate hives. 2 Without such help (which is not reported elsewhere) 8.9 h are required, on average, to locate a hive. This probably explains why honey is generally a lesser dietary component than it is intermittently for the Ache.
We believe the main adverse impact of cereal grains in human nutrition arises because they displace fruits and vegetables from our diet. We will need to learn more about the importance and sources of phytochemicals to justify this speculation, but it seems plausible that those phytochemicals important in human physiology should come chie¯y from fruits and vegetables since such foods have been major dietary constituents for millions of years whereas grains have been staples for only a relatively few millennia.
Finally, we would like to emphasize that an understanding of paleolithic nutrition should be used primarily to generate hypotheses which can be experimentally tested, not, in itself, as a basis for recommendations or prescriptions. We do believe that the nutrition of human ancestors will ultimately become the reference standard for dietary advice in the present, but, this hypothesis, like any other, requires rigorous testing. It is our hope that the article stimulates nutritionists to design and execute investigations directed towards this end.
